(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europ§en des brevets 



(11) 



EP 1 302 985 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) lntCI.7: HOI L 27/1 2 


16.04.2003 Bulletin 2003^16 


(21) Application number: 01932319.5 


(86) International application number: 


PCT/JP01/04499 


(22) Date of filing: 29.05.2001 


(87) International publication number: 




WO 01/093334 (06.12.2001 Gazette 2001/49) 


(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE OK ES Fl FR GB GR IE IT LI LU 


• NAKANO, Masatake, c/o Isobe R&D Center 


MC NL PT SE TR 


Annaka-shi, Gunma 379-0196 (JP) 


Designated Extension States: 


• YOKOKAWA, Isao, c/o Isobe R&D Center 


AL LT LV MK RO SI 


Annaka-shi, Gunma 379-0196 (JP) 




• MITANI, KlyoshI, c/o Isobe R&D Center 


(30) Priority: 30.05.2000 JP 2000160499 


Annaka-shI, Gunma 379-0196 (JP) 


(71) Applicant: Shin-Etsu Handotai Co., Ltd 


(74) Representative: Cooper, John et al 


Tokyo 100-0005 (JP) 


Murgitroyd & Company 




165-169 Scotland Street 




Glasgow G5 8PL (GB) 



< 

to 

00 

o> 

CM 

o 

CO 



(54) METHOD FOR PRODUCING BONDED WAFER AND BONDED WAFER 



(57) The present invention provides a method for 
producing a bonded wafer comprising at least an ion Im- 
plantation process where at least either hydrogen ions 
or rare gas ions are implanted into a first wafer from its 
surface to form a micro bubble layer (implanted layer) 
in the first wafer, a bonding process where the surface 
subjected to the ion implantation of the first wafer is 
bonded to a surface of a second wafer, and a delamina- 
tion process where the first wafer is delaminated at the 
micro bubble layer, wherein the ion implantation process 
is performed in divided multiple steps, and a bonded wa- 
fer. Thus, there are provided a method for producing a 
bonded wafer, which is for reducing micro-voids gener- 
ated in the ion implantation and delamination method 
and a bonded wafer free from micro-voids. 
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Description 

Technical Field 

[0001] The present invention relates to a method for 
producing a bonded wafer, In which a wafer implanted 
with hydrogen ions or rare gas ions Is bonded to another 
wafer and then delamlnated them at the Implanted layer. 
In particular, it relates to a method for producing a bond- 
ed wafer free from defects called micro-voids and such 
a bonded wafer. 

Background Art 

[0002] As a method for producing a bonded SOI (Sil- 
icon On Insulator) wafer using the bonding method, 
there is conventionally known a technique comprising 
bonding two of silicon wafers via a silicon oxide film, for 
example, a method comprising forming an oxide film on 
at least one of such wafers, bonding the wafers to each 
other without interposing foreign matters between the 
surfaces to be bonded, and then subjecting them to a 
heat treatment at a temperature of 200-1200^0 to en- 
hance the bonding strength, as disclosed in Japanese 
Patent Publication (Kokoku) No. 5-46086. 
[0003] The bonded wafer, of which bonding strength 
is enhanced by such a heat treatment, can be subjected 
to subsequent grinding and polishing processes. There- 
fore, an SOI layer for fabricating devices can be formed 
by reducing thickness of the wafer on which devices are 
to be fabricated to a desired thickness by grinding and 
polishing. 

[0004] A bonded SOI wafer produced as described 
above has advantages of superior crystallinity of the SOI 
layer and high reliability of a burled oxide layer existing 
directly under the SOI layer. However, because it is pro- 
duced through reduction of thickness of the wafer by 
grinding and polishing, it suffers from a drawback that 
the reduction of thickness takes a lot of time and gener- 
ates waste of the material. In addition, the uniformity of 
the obtainable film thickness is only in such a degree of 
target thickness ± 0.3 \im or so at most. 
[0005] Meanwhile, in connection with recent use of 
higher integration degree and higher processing veloc- 
ity of semiconductor devices, further reduction of film 
thickness and improvement of film thickness uniformity 
are required as for the thickness of the SOI layer. Spe- 
cifically, a film thickness and uniformity represented as 
0.1 ± 0.01 ^m or so are required. 
[0006] A thin film SOI wafer having such a film thick- 
ness and film thickness uniformity cannot be realized in 
a bonded wafer by the conventional thickness reduction 
processing using only grinding and polishing. Therefore, 
the method called ion implantation and delamination 
method or hydrogen ion delamination method was de- 
veloped as a novel film thickness reduction technique 
as disclosed in Japanese Patent Laid-open (Kokai) Pub- 
lication No. 5-211128. 
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[0007] This ion implantation and delamination method 
is a technique for producing an SOI wafer, wherein an 
oxide film is formed on at least one of two silicon wafers, 
hydrogen ions or rare gas ions are implanted into one 

5 wafer (also called "bond wafer") from its top surface to 
form a micro bubble layer (enclosed layer) in the silicon 
wafer, then the ion-implanted surface of the wafer is 
bonded to the other wafer (also called "base wafer") via 
the oxide film, thereafter one of the wafers is delaminat- 

10 ed as a thin film at the micro bubble layer as a cleavage 
plane (delaminating plane) by subjecting them to a heat 
treatment (delamination heat treatment), and the bond- 
ed wafer is further subjected to a heat treatment (bond- 
ing heat treatment) to strengthen the bonding to obtain 

15 an SOI wafer. 

[0008] In this method, the delaminated plane is ob- 
tained as a good mirror surface, and an SOI wafer hav- 
ing extremely high uniformity of the film thickness of SOI 
layer can be obtained relatively easily. In addition, the 

20 method also has an advantage that one delamlnated 
wafer can be reused and thus the material can be used 
effectively. 

[0009] Further, by this method, It Is also possible to 
directly bond silicon wafers to each other without an ox- 
25 ide film, and it can be used not only for a case where 
silicon wafers are bonded to each other, but also for a 
case where an ion-implanted silicon wafer is bonded to 
an insulator wafer having a different thermal expansion 
coefficient such as those of quartz, sapphire, silicon nl- 
30 tride, aluminum nitride and so forth or an Ion-Implanted 
insulator wafer is bonded to another wafer to obtain a 
wafer having a thin film of such materials and so forth. 
[0010] Further, there has also recently been devel- 
oped a technique, although it is a kind of the ion implan- 
35 tation and delamination method. In which hydrogen ions 
to be implanted are excited and implanted in a plasma 
state so as to enable the delamination process at room 
temperature. 

[0011] Although this ion implantation and delamina- 
40 tlon method is an extremely excellent method as a meth- 
od for producing a bonded SOI wafer, it is necessary to 
reduce bonding failures called voids, which are gener- 
ated at the bonded interface, in order to produce such 
an SOI wafer at a level of mass production with good 
45 yield. 

[001 2] It was already elucidated that the major cause 
of the generation of the voids, which are likely to be gen- 
erated in a usual bonded wafer produced by not using 
the ion implantation and delamination method, resides 
50 in particles adhered to the bonding surface. According 
to Japanese Patent No. 2675691 , It is described that, if 
size of the particle is 0.5 nm or more, voids are gener- 
ated. That is, if such particles exist on the bonded sur- 
face when two wafers are bonded, unbonded portions 
55 (voids) will be formed on the bonded interface. Since, 
as for the size of the voids, the voids have an approxi- 
mately circular shape having a diameter of about 0.5 mil- 
limeter to several tens of millimeters, they can be ob- 
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served by X-ray topography, ultrasonic reflectoscope. 
infrared interferometry or the like, even for wafers as 
they are after the t)onding at room temperature or those 
subjected to a heat treatment thereafter for enhancing 
the bonding. Therefore, In order to reduce such voids, s 
the bonding can be perfomied after the wafers are sub- 
jected to cleaning for removing the particles adhering to 
the surfaces to be bonded to remove the particles as 
much as possible. 

[0013] However, in case of a bonded wafer produced 
by using the ion implantation and delamlnation method, 
when the bonded wafer surface after the delamlnation 
process was precisely observed, it was found that, even 
if voids having a diameter of about 0.5 millimeter to sev- 
eral tens of millimeters were not generated at all, which 
are observed in a usual bonded wafer, there may be 
generated bonding failure portions (called "micro-voids" 
hereinafter) having a size markedly smaller than the size 
specified above (a diameter of several micrometers to 
several tens of micrometers, or even smaller than that). 

Disclosure of the Invention 

[001 4] Therefore, an object of the present invention is 
to provide a method for producing a bonded wafer, 
which is for reducing such micro-voids generated in the 
ion implantation and delamlnation method and a bonded 
wafer free from micro-voids. 
[001 5] In order to achieve the aforementioned object, 
the method for producing a bonded wafer according to 
the present invention is a method for producing a bond- 
ed wafer comprising at least an ion implantation process 
where at least either hydrogen Ions or rare gas ions are 
implanted into a first wafer from its surface to form a 
micro bubble layer (implanted layer) in the first wafer, a 
bonding process where the surface subjected to the ion 
implantation of the first wafer is bonded to a surface of 
a second wafer, and a delamlnation process where the 
first wafer Is delaminated at the micro bubble layer, 
wherein the ion implantation process is performed in di- 
vided multiple steps. 

[0016] If the ion implantation process is performed in 
divided multiple steps as described above, bubbles 
gradually diffuse also Into portions shaded from the ion 
implantation formed directly under the particles adher- 
ing to the Ion implantation surface, which constitute the 
cause of the generation of micro-voids, and thus regions 
having a markedly low Ion concentration become small- 
er. Therefore, there are not caused delamlnation failures 
during the delaminatlon heat treatment and thus the 
generation of the micro-voids can be prevented. 
[0017] In this case, it is preferable to perform a wafer 
cleaning process at least once during an interval be- 
tween the aforementioned multiple ion implantation 
steps. 

[0018] If a wafer cleaning process is perfomned at 
least once during an interval between the multiple ion 
implantation steps as above, particles adhering to the 



ion implantation surface are removed, and therefore dis- 
turbance In the ion implantation can be eliminated. 
Thus, there are not caused delamlnation failures during 
the delamlnation heat treatment and the generation of 
the micro-voids can be prevented. 
[0019] Further, in this case, it is preferable to perform 
the ion implantation with different implantation angles 
for Ions to be Implanted In the multiple ion Implantation 
steps. 

[0020] If the ion implantation is performed with differ- 
ent implantation angles for ions to be implanted in the 
multiple ion implantation steps as described above, 
even if particles adhere to the wafer surface, portions 
not implanted with ions under the particles (shaded por- 
tions) can be made smaller and thus the delamlnation 
can be performed uniformly. 

[0021] Further, in the production method of the 
present invention, a silicon single crystal wafer can be 
used as the first wafer. 

[0022] If a silicon single crystal wafer is used as the 
first wafer as described above, an SOI wafer that has 
very uniform SOI layer thickness can be produced at a 
low cost, and therefore it can be widely used for various 
devices. 

[0023] Further, it is also preferable to preliminarily 
form an oxide film on the surface of the first wafer before 
the ion implantation. 

[0024] This is because, if a thermal oxide film, a CVD 
oxide film or the like is formed on a surface before the 
ion Implantation, degradation of the implantation profile 
(broadening along the depth direction) due to the chan- 
neling phenomenon during the ion implantation can be 
reduced, and generation of voids (unbonded portion) 
during the bonding with the second wafer can also be 
reduced. 

[0025] Further, in the present invention, as the second 
wafer, a silicon single crystal wafer can be used. 
[0026] If a silicon single crystal wafer is used as the 
second wafer, i.e., the base wafer, a wafer excellent in 
flatness can be obtained, and moreover, a wafer having 
a large diameter of 200 mm or 300 mm or larger can 
also be obtained. 

[0027] Furthemnore, an oxide film may be preliminar- 
ily formed on a surface of the second wafer before bond- 
ing. 

[0028] By forming a thermal oxide film, a CVD oxide 
film or the tike on the second wafer surface as described 
above, the generation of voids formed during the bond- 
ing with the first wafer can be reduced. 
[0029] Further, a bonded wafer of extremely high 
quality in which the generation of micro-voids Is reduced 
can be obtained by the method of the present invention. 
[0030] Thus, according to the present invention, there 
can be provided a bonded wafer free from micro-voids 
by the ion implantation and delaminatlon method. 
[0031] Further, the tx)nded wafer of the present Inven- 
tion is a bonded wafer produced by bonding a second 
wafer to a first wafer having a micro bubble layer (im- 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 302 985 A1 



6 



planted layer) into which at least either hydrogen ions 
or rare gas ions are implanted on its ion-implanted sur- 
face and delaminating them at the micro bubble layer of 
the first wafer, wherein the bonded wafer is free from 
micro-voids generated by particles adhering to the ion- 
implanted surface. 

[0032] As described above, the present invention can 
provide, in particular, a bonded wafer produced by the 
ion implantation and.delamination method wherein the 
bonded wafer is free from micro-voids generated by par- 
ticles adhering to the ion-implanted surface. 
[0033] As explained above, according to the ion im- 
plantation and delamination method of the present in- 
vention, the micro-voids generated by particles adher- 
ing to the ion-implantation surface can be reduced or 
eliminated, and a high quality bonded wafer can be eas- 
ily produced. 

Brief Explanation of the Drawings 

[0034] Fig. 1 is a flow chart showing a process of the 
ion implantation and delamination method of the present 
invention. 

[0035] Fig. 2 is a flow chart showing another process 
of the ion implantation and delamination method of the 

present invention. 

[0036] Fig. 3 is an explanatory diagram showing the 
generation mechanism of micro-voids in the convention- 
al Ion implantation and delamination method. 

Best Mode for Carrying out the Invention 

[0037] Hereafter, embodiments of the present inven- 
tion will be explained in detail. However, the present in- 
vention is not limited to these. 
[0038] According to the investigations of the inventors 
of the present invention about generation positions of 
micro-voids in the ion implantation and delamination 
method, in many cases, the generation positions 
matched positions of particles determined Immediately 
before the bonding, i.e., after performing the ion implan- 
tation and the subsequent cleaning. However, they are 
sometimes generated regardless of the positions of par- 
ticles immediately before the bonding. 
[0039] Therefore, relationship of the voids with posi- 
tions of particles Immediately after the ion implantation 
was then investigated. As a result, it was found that 
there exist micro-voids at positions corresponding to the 
positions of the particles immediately after the ion im- 
plantation. Based on this fact, the cause for the gener- 
ation of micro-voids was investigated, and the following 
consideration could be obtained as a result. Flg.3 Is a 
schematic diagram for explaining the generation mech- 
anism of micro-voids. 

[0040] Fig. 3 (a) shows a first wafer Immediately be- 
fore performing the hydrogen ion implantation. Although 
cleaning of the first wafer (bond wafer) 1 is performed 
before the hydrogen ion Implantation, a particle 7 may 



adhere to the first wafer surface during setting of the 
wafer on an ion implantation apparatus or during the ion 
Implantation. If the ion implantation is performed in a 
state that the particle 7 has adhered, there is generated 
5 a region where hydrogen ions 5 are not implanted into 
a portion shaded by the particle as shown in Fig. 3 (b). 
[0041] And it is possible to remove the particle that 
had adhered to the first wafer surface by cleaning the 
first wafer after the ion implantation as shown in Fig. 3 
10 (c). However, since the micro bubble layer (implanted 
layer) 4 required for the delamination is not formed in 
the region in which the ion implantation was not attained, 
the delamination cannot be obtained for that portion 
when the first wafer is bonded to the second wafer (base 
IS wafer) 2 (Fig. 3 (d)) and then they are delaminated by a 
delamination heat treatment, but they are separated at 
the tK)nded surfaces (Fig. 3 (e)). It is considered that a 
micro-void 8 is generated on the surface of the bonded 
wafer 6 after delamination by such a mechanism as de- 
scribed above. 

[0042] That is, it will be possible to completely prevent 
the generation of such a micro-void if there is obtained 
a first wafer surface on which no particle adheres at the 
time of the ion implantation. However, It Is extremely dif- 
ficult to obtain such a no particle state. Therefore, it was 
conceived that the ion implantation should be perfonmed 
in divided steps. 

[0043] That is, if the ion Implantation is performed in 
divided multiple steps, where the total implantation dose 
of the implantation steps should be set to obtain the 
dose required for the delamination, and for example, 
cleaning Is performed at least once during an interval 
between the implantation steps, even though a particle 
is adhered in the first implantation step, a region where 
ions were not implanted during the first Implantation step 
due to the adhered particle may be implanted with ions 
in a subsequent implantation by performing cleaning of 
the wafer at least once to remove the particle, because 
the possibility that another particle adheres again at the 
same position Is extremely low. 
[0044] In this case, for the wafer cleaning process per- 
formed during an interval between the multiple ion im- 
plantation steps, there can be used cleaning utilizing a 
chemical solution usually used for removal of particles 
such as chemical cleaning with a system containing am- 
monia, hydrogen peroxide and water (SC-1). However, 
the cleaning is not limited to the above, and cleaning not 
utilizing a chemical solution such as pure wafer rinse 
with applying ultrasonic wave and cleaning with electro- 
lytic ion-contalning water may also be used so long as 
particles can be removed. 

[0045] Fig. 1 shows processes for producing a bond- 
ed wafer in which the ion implantation is performed in 
two steps and cleaning Is once performed as an inter- 
mediate step. 

[0046] Fig. 1 (a) shows the first wafer immediately be- 
fore performing the first hydrogen ion implantation, and 
cleaning of the first wafer 1 is perfonmed before the hy- 
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drogen ion implantation. In this case, a particle 7 may 
adhere to the first wafer surface during the period for 
setting the wafer on an ion imptantatiori apparatus or 
during the ion implantation, if the Ion implantation is per- 
formed in a state that the particle 7 has adhered, a re- 
gion where hydrogen ions are not implanted is formed 
at the region shaded by the particle 7 as shown in Fig. 
1(b). 

[0047] And, by cleaning the first wafer after the first 
ion implantation, the particle that had adhered to the first 
wafer surface is removed as shown in Fig. 1 (c), and the 
particle 7 on the region where the ions are not implanted 
is eliminated. Subsequently, if the second hydrogen ion 
implantation is performed, hydrogen ions will be suffi- 
ciently implanted also into the region that was shaded 
by the particle, and a micro bubble layer required for the 
delamination will be formed (Fig. 1 (d)). Then, the first 
wafer that had been subjected to two hydrogen ion im- 
plantation steps is cleaned to secure a clean surface 
(Fig. 1 (e)). Subsequently, it Is bonded to the second 
wafer 2 (Fig. 1 (f)) and then subjected to a delamination 
heat treatment, and consequently a bonded wafer 6 
having no micro-void after the delamination can be pro- 
duced (Fig. 1 (g)). 

[0048] The implantation dose in the region where the 
particle had adhered may be smaller than a region 
where the total implantation dose was completely im- 
planted, and it may not reach an implantation dose re- 
quired for the delamination. However, since such re- 
gions are quite few from the first, if a defect layer (micro 
bubble layer, implanted layer) is formed to a certain ex- 
tent, the delamination can be generated for the reasons 
that excessive bubbles diffuse Into such regions from 
the surrounding area thereof and so forth. 
[0049] Further, by changing the implantation angle in 
each of the divided ion Implantation steps when the ion 
Implantation is performed, the non-implanted region 
generated by a particle can also be made smaller. In this 
case, if the implantation angles are suitably adjusted, it 
is also possible to achieve the object without perfomiing 
the wafer cleaning during an interval between the Im- 
plantation steps. 

[0050] Processes in which the ion Implantation angle 
is changed are shown In Fig. 2. There is shown a situ- 
ation in which the first ion implantation Is perfomned from 
a left oblique upward direction of a particle (Fig. 2 (b)), 
and the second ion Implantation is performed from a 
right oblique upward direction of the particle (Fig. 2 (c)). 
[0051] This makes the region shaded by the particle 
extremely small, and the generation of micro-void is not 
observed after the delamination (Fig. 2 (f)). 
[0052] In the present invention, wafers to be bonded 
can be arbitrarily selected according to the purpose, and 
are not particulariy limited. However, if a silicon single 
crystal wafer is used as the first wafer, for example, an 
SOI wafer having an SOI layer of which film thickness 
is extremely uniform can be produced at a low cost, and 
it can be widely applied for various devices. Moreover, 



in case of a silicon wafer, it is also suitable for the pro- 
duction of the wafer of larger diameter. 
[0053] Further, an oxide film is preferably formed be- 
forehand on the surface of the first wafer before the im- 

5 plantation. 

[0054] TTiis is because, if a thermal oxide film, CVD 
oxide film or the like is formed on the surface before the 
Ion implantatton, degradation of the implantation profile 
(broadening along the depth direction) due to the chan- 

10 neling phenomenon during the ion implantation can be 
reduced, and generation of voids (unbonded portions) 
at the time of the bonding with the second wafer can 
also be reduced. 

[0055] Further, in the present Invention, as the second 
15 wafer, a silicon single crystal wafer can be used, and 
wafers other than silicon can also be used depending 
on the purpose. 

[0056] If a silicon single crystal wafer Is used as the 
second wafer, i.e., a base wafer, a wafer having good 
20 flatness can be obtained. Thus, flatness of wafers after 
bonding is also improved, and it will be preferable also 
for the subsequent device production process. In addi- 
tion, it Is also relatively easy to obtain a wafer having a 
large diameter of 200 mm or 300 mm or larger. 
25 [0057] Furthermore, it is also possible to preliminarily 
form an oxide film on the surface of the second wafer 
before the t)onding. By forming preliminarily a thermal 
oxide film, CVD oxide film or the like on the second wafer 
surface as described above, generation of voids can be 
30 reduced in the bonding with the first wafer. 

[0058] Hereafter, the present invention will be specif- 
ically explained with reference to the following examples 
of the present invention and comparative example. 
However, the present invention is not limited to these. 

35 

(Example 1) 

[0059] Ten bonded wafers were produced according 
to the processes shown in Fig. 1 . 

40 

(a) Preparation of first wafer: Silicon single crystal 
wafers having a diameter of 200 mm, orientation of 
<1 00> and an oxide film with a thickness of 400 nm 
were prepared. 
45 (b) First hydrogen ion Implantation: Implantation en- 
ergy of 100 keV, implantation dose of 5 x IQi^/cm^ 

(c) Cleaning: Each wafer was cleaned with SC-1 
(cleaning solution of H2O/H2O2/NH4OH type, im- 
mersed at 70''C for 3 minutes), then subjected to 

50 ultrasonic rinse and dried with IPA. 

(d) Second hydrogen ion implantation: Implantation 
energy of 100 keV. Implantation dose of 3 x 10^^/ 
cm2 

(e) Cleaning: Each wafer was cleaned by using SC- 
55 1, sC-2 (cleaning solution of H2O/H2O2/HCI type, 

immersed at SO^'C for 3 minutes) and SC-1 In this 
order and dried with IPA. 

(f) Bonding: The first wafer was bonded to a second 
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wafer of a silicon single crystal (with no oxide film) 
at room temperature. 

(g) Delamination: The wafers were delaminated by 
a heat treatment at SOO^C for 30 minutes in a nitro- 
gen atmosphere. 

<Observation of micro-voids> 

[0060] As for micro-voids, when a surface of a tx>nded 
wafer is measured by using a particle measurement ap- 
paratus of light scattering type utilizing a laser or the like 
as a light source to obtain coordinates of particles within 
a plane of the bonded wafer and those detected as 
bright spots (particles) showing strong scattered light 
and having a large size are observed with an optical mi- 
croscope, they can be confirmed as bonding failures, i. 
e., micro-voids. Since a certain degree of correlation is 
obtained between the size of the bright spots detected 
by a particle measurement apparatus and result of op- 
tical microscope observation, simple evaluation is pos- 
sible only by using a particle measurement apparatus. 
Therefore, the whole surface of each wafer was' ob- 
served by using a particle measurement apparatus and 
an optical microscope as the measurement apparatus- 
es. As a result, micro-voids were observed in neither of 
the wafers at all. 

(Example 2) 

[0061] Ten bonded wafers were produced according 
to the processes shown in Fig. 2. 

(a) Preparation of first wafer: Silicon single crystal 
wafers having a diameter of 200 mm, orientation of 
<100> and an oxide film with a thickness of 400 nm 
were prepared. 

(b) First hydrogen ion implantation: Implantation an- 
gle of IS'', implantation energy of 100 keV. implan- 
tation dose of 4 X 10^®/cm2 

(c) Second hydrogen Ion implantation: Implantation 
angle of -15°, implantation energy of 100 keV, im- 
plantation dose of 4 X 1 0^^/cm2 

(d) Cleaning: Each wafer was cleaned with SC-1, 
SC-2 and SC-1 in this order and dried with IPA. 

(e) Bonding: The first wafer was bonded to a second 
wafer of a silicon single crystal (with no oxide film) 
at room temperature. 

(f) Delamination: The wafers were delaminated by 
a heat treatment at 500°C for 30 minutes in a nitro- 
gen atmosphere. 

<Observation of micro-voids> 

[0062] Density of micro-voids having a diameter of 
about 1 ^m was extremely low, I.e., about 3 per wafer 
having a diameter of 200 mm in average. 



(Comparative Example 1) 

[0063] Ten bonded wafers were produced according 
to the processes shown in Fig. 3. 

(a) Preparation of first wafer: Silicon single crystal 
wafers having a diameter of 200 mm. orientation of 
<1 00> and an oxide film with a thickness of 400 nm 
were prepared. 

(b) Hydrogen ion implantation: Implantation was 
performed once with implantation energy of 100 
keV and implantation dose of 8 x lO^^/cm^. 

(c) Cleaning: Each wafer was cleaned with SC-1, 
SC-2 and SC-1 in this order and dried with IPA. 

(d) Bonding: The first wafer was bonded to a second 
wafer of a silicon single crystal (with no oxide film) 
at room temperature. 

(e) Delamination: The wafers were delaminated by 
a heat treatment at 500**C for 30 minutes in a nitro- 
gen atmosphere. 

<Observation of micro-voids> 

[0064] Density of micro-voids having a diameter of 
about 1 ^m was about 28 per wafer having a diameter 
of 200 mm in average, and thus the wafers had a lot of 
defects. 

[0065] The present invention is not limited to the em- 
bodiments described above. The above-described em- 
bodiments are mere examples, and any of those having 
the substantially same structure as that described in the 
appended claims and providing the similar functions and 
advantages are included in the scope of the present in- 
vention. 

[0066] According to the present invention, there are 
provided wafers produced by the ion implantation. and 
delamination method including not only those obtained 
by bonding silicon single crystal wafers to each other as 
mentioned above, but also SOI wafers having an SOI 
layer, and there are also provided wafers obtained by 
bonding a silicon single crystal wafer and an Insulator 
wafer or insulator wafers to each other. 
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1 ■ A method for producing a bonded wafer comprising 
at least an ion implantation process where at least 
either hydrogen ions or rare gas ions are implanted 
50 into a first wafer from its surface to form a micro bub- 
ble layer (implanted layer) in the first wafer, a bond- 
ing process where the surface subjected to the ion 
implantation of the first wafer is bonded to a surface 
of a second wafer, and a delamination process 
55 where the first wafer is delaminated at the micro 
bubble layer, wherein the ion implantation process 
is performed in divided multiple steps. 
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2. The method for producing a bonded wafer accord- 
ing to Claim 1 , wherein a wafer cleaning process Is 
performed at least once during an interval between 
the multiple Ion implantation steps. 

3. The method for producing a bonded wafer accord- 
ing to Claim 1 or 2. wherein the ion implantation is 
perfonned with different implantation angles for 
ions to be Implanted In the multiple Ion implantation 
steps. 

4. The method for producing a bonded wafer accord- 
ing to any one of Claims 1 -3, wherein a silicon single 
crystal wafer is used as the first wafer. 

5. The method for producing a bonded wafer accord- 
ing to any one of Claims 1 -4, wherein an oxide film 
is preliminarily formed on the surface of the first wa- 
fer before the ion implantation. 

6. The method for producing a bonded wafer accord- 
ing to any one of Claims 1 -5, wherein a silicon single 
crystal wafer is used as the second wafer. 

7. The method for producing a bonded wafer accord- 25 
Ing to any one of Clajms 1-6, wherein an oxide film 
is formed on a surface of the second wafer. 

8. A bonded wafer produced by the production method 
according to any one of Claims 1 -7. 30 

9. A bonded wafer produced by bonding a second wa- 
fer to a first wafer having a micro bubble layer (im- 
planted layer) into which at least either hydrogen 
ions or rare gas ions are implanted on its ion-im- 
planted surface and delamlnating them at the micro 
bubble layer of the first wafer, wherein the bonded 
wafer Is free from micro-voids generated by parti- 
cles adhering to the ion-implanted surface. 



45 



50 



55 



5 



10 



15 



20 



35 



40 



7 



EP1 302 985A1 



BEST AVAILABLE COPY 



RG. 1 



(a) PREPARATION OF WAFER 




(b) ION IMPLANTATION® 




(c) CLEANING 



1— 



(d) ION IMPLANTATIONd) 



miMr 



(e) CLEANING 



1— \ \ xTX" 



(f) BONDING 



\ \ \ \ \ •. ■•. 



/ 



/ 



(g) DELAMINATION 



/ / / / / /T 



4 
2 



8 



EP 1 302 985 A1 



BEST AVAILABLE 



FIG. 2 



(a) PREPARATION OF WAFER 




(b) ION IMPLANTATION® 



\ \ \ 



(c) ION IMPLANTATION® /-^/^ ////^ 



5 
4 



(d) CLEANING 



(e) BONDING 



V///7/7- ^ 



(f) DELAMINATION 



777777: 



9 



EP 1 302 985 A1 



BEST AVAILABLE COPY 



FIG. 3 



(a) PREPARATION OF WAFER 




(b) ION IMPLANTATION 
1- 




^\\\\\\\ 



(c) CLEANING 



-* A\\\\\\ 



(d) BONDING 



(e) DELAMINATION 



6 



7/////-/~ a 

///////-^ 2 



10 



EP1 302 985A1 



INTERNATIONAL SEARCH REPORT 






PCT/JPOl/ 04499 



A. CLASSfflCATlON OF SUBJECT MATTBR 
Int. CI' H01L27/12 



AccerdutftelnteniatioaalBBtaitClagsificatiM 

B. WBLDSSBARCafflD 

Minimom documgniatioa searched (chsslficatioa systeoi Allowed l^clASsUicatioa symbols) 

Int. CI' H01L21/02« B01L21/26-21/26B, H01L2iy304, HOlI.21/306, 
H01L21/322-21/326 



OocM tflti^ yi s6&rcbod ^btf fliflii ni l p^^ ***** do^TmfiiitB^ ffn to tlic fflctent tfaflt such docuBQits sk inchidfld m ttis fields sfiflr^hBd 
Jitsiiyo Shizian Koho 1922-1996 Torolcu Jitsuyo Shinan Kioho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo O'^TiaTi TcKoku Kdbo 1996-2001 



Etectronic data base cansultod doxing tbs isterastianal seszch (name of data base and, where piacdcable^ search teems used) 



C. DOCUMENTS CONSIDfiRED TO BE RELEVANT 



Category* 



Citation of document, with icdicatLon. where sppropristB, of ^ celevBOt passage 



Relevant to claim No. 



X 
A 



JP 11-307747 A (NEC Corporation), 

05 Novernber, 1999 (05.11.99), 
Full text; Figs. 1 to 2 
Full text; Figs. 1 to 2 

6 US 6211041 Bl & FR 2782572 Al 
& KR 99083256 A 

US S909627 A (Philips Electronics North America 

Cozporation) , 

01 June, 1999 (01.06.99), 

Full text; Figs. 1 to 3 

& HP 1025580 A2 & NO 99/60605 A2 

BP 971396 Al (Shin-Etsu Handotai Coiopany Limited) , 
12 January, 2000 (12.01.00), 
Pull text; Fig. 1 
& JP 2000-30992 A 

Full text; Fig. 1 
& KR 2000011625 A 



1,4-9 
2,3 



1-9 



1-9 



^ I^irtiier documents are listed in the oontimiation of Box C. 



□ 



SeepstBDt ftioily 



* Special categorias of cited docDinents: 

"A" doeanmtdefiaing the general state of Oe ait wliieb IS not 

ronsMfTpd to be of psiticulsi relevaDCe 
"XT eariicr (k>cuiQciii but published CD or after the mteniat^ fQing 

data 

may throw dodto on priority clafan(s) or «)ikb i» 
dted (c estsblifih the publicatiaa date of anotfaer cttatioii or 01^ 
qiedaJ reason (as spedRed) 
*^ document leftning to an Gn^difidosDre,ii8e,e3(hihhba orotic 



"P* document publuhedirrar to the inttnutiana] filiag date 
than tfao priority date claimed 



later docaineDt pid)lisbed afiar the mtneattoa] fiUog date or 
priority date and not in oonfHct with tbe appHcatioQ but cited to 
utdejitaiid \be principle or t^teory undertymg the invention 
TX* document of paatjcalaridevanea; theekTmed iiwitifln eminnf fm 
oonsideied DOvd or eaiinot be eonsideied to involve an inventtva 
tStp wbcQ diedoGuaeai b taken alone 
V document of paitieular xdevanee; die ctaiioed farvemion cannot be 
consUered to involve an inventive step when the <1oc tf niftn t is 
combined wi A one or mors other soch documents^ such 
oombinatkm being (drrioos to a person skilled in die ait 
"AT document member of the same patent £umly 



Date of tbe actual ooo^letion of the intenatiOQal search 
13 August, 2001 (13.08.01) 


Date of mailing of (he inteniaitional scaicb lepat 
28 August, 2001 (28.08.01) 


Name aod mailing address of die ISA/ 
Japanese Patent Office 

FacsisiileNo. 


Tdqdione No. 



Ponn PCTyiSA/210 (second sheet) (Jaly 1992) 



11 



EP1 302 985A1 



INTESNATIONAL SEARCH REPORT 



IntcnwtioDal ^)pU6fttio& No* 

PCT/JPOl/04499 



CCCcottnuation}. DCX:UMENTS OONSIDERBD TO BB RELEVANT 



Oategoiy* 



Citation of docinnent, widi i n d i cat iOT, wfacic appippr iat6» of the relBvant pHSS8(ges 



RdevaBttD claim Now 



tTP 8-78647 A (Nippon Steel Corporation) , 

22 March, 1996 (22.03.96), 

Pull text; Pigs. 1 to 5 {Family: none) 

JP 10-98005 A (Nippon Steel Corporation) , 

14 Aprili 1998 (14.04.98), 

Pull text; Figs. 1 to 4 (Family: none) 



2-e 



2-8 



Fomi PCT/ISA/210 (contiiittation of second sheet) (My 1 992) 



12 



